The silent spring of Rio Doce: exploratory study of environmental disaster caused by mining Samarco / A primavera silenciosa do Rio Doce: estudo exploratório de desastres ambientais causados pela mineração Samarco by Sousa, Francisco Santana de et al.
 Brazilian Journals of Business 
 
Braz. J. of Bus., Curitiba, v. 2, n. 1, p. 242-260, jan./mar. 2020. ISSN 2596-1934 
 
242  
The silent spring of Rio Doce: exploratory study of environmental disaster caused 
by mining Samarco 
 
A primavera silenciosa do Rio Doce: estudo exploratório de desastres ambientais 
causados pela mineração Samarco 
 
Recebimento dos originais: 10/12/2019 
Aceitação para publicação: 20/12/2019 
 
Francisco Santana de Sousa 
Mestre em Administração Pública pela Escola de Administração de Empresas de São Paulo da 
Fundação Getúlio Vargas 
Instituição: Fundação Getúlio Vargas 
Endereço: Rua Bento Freitas nº448 apto 14 República – São Paulo – SP CEP01220-000 
E-mail: chicosans1917@gmail.com 
 
Edna de Souza Machado Santos 
Doutora em Administração pela Universidade Nove de Julho 
Instituição: Uninove 
Endereço:Av Lino jardim nº131 apto 122 Vila Bastos - Santo André – SP 
CEP 09041-030 
E-mail: proedna@uol.com.br 
 
Giovanni 
Mestre em Engenharia pela Escola Politécnica da Universidade de São Paulo 
Instituição: Uninove 
Endereço: Av. do Guacá nº859 apto 174 Lausane Paulista - São Paulo – SP 
CEP 02435-001 
E-mail: giovannicatellino@yahoo.com.br 
 
Sandra Regina Silva dos Santos Souza 
 Mestre em Administração pela Fundação Escola de Comércio Álvares Penteado 
Instituição: Uninove 
Endereço: Rua Tijuco Preto nº933 apto 72 Tatuapé – São Paulo – SP 
CEP 03316-000 
E-mail: sandrarsss10@gmail.com 
 
Otacílio de Morais Souza 
Mestre em Ciências Contábeis pela Fundação Escola de Comércio Álvares Penteado 
Instituição: Uninove 
Endereço: Rua Tijuco Preto nº933 apto 72 Tatuapé – São Paulo – SP 
CEP 03316-000 
E-mail: otacilioms@gmail.com 
 
ABSTRACT 
The biggest environmental tragedy in Brazil occurred in the spring of 2015. At this time of year, the 
Fundão dam was breached in Mariana, Minas Gerais, which is the reservoir of mining tailings by 
Samarco, a subsidiary of Vale do Rio Doce. The problem discussed in this paper was the lack of the 
usual method of forecasting environmental risks in conjunction with the environmental audit required 
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by ISO 14001. As for the objectives it is a qualitative analysis and as for the procedures, it was an 
exploratory and documentary work. The results of this work suggest that the cause of the Samarco 
mining environmental disaster was the lack of use of usual methodologies in companies with activities 
that may generate environmental risks, such as Samarco. The appropriate methodology would be PDCA 
in conjunction with environmental auditing. 
 
Keywords: Samarco, Mining Company, Rio Doce, ISO 14001, PDCA 
 
ABSTRACT 
A maior tragédia ambiental do Brasil ocorreu na primavera de 2015. Nessa época do ano, a barragem 
de Fundão foi rompida em Mariana, Minas Gerais, que é o reservatório de rejeitos de mineração da 
Samarco, subsidiária da Vale do Rio Doce. O problema discutido neste artigo foi a falta do método usual 
de previsão de riscos ambientais em conjunto com a auditoria ambiental exigida pela ISO 14001. Quanto 
aos objetivos, é uma análise qualitativa e, quanto aos procedimentos, foi um trabalho exploratório e 
documental. Os resultados deste trabalho sugerem que a causa do desastre ambiental da mineração da 
Samarco foi a falta de uso de metodologias usuais em empresas com atividades que podem gerar riscos 
ambientais, como a Samarco. A metodologia apropriada seria o PDCA em conjunto com a auditoria 
ambiental. 
 
Palavras-chave: Samarco, Companhia de mineração, Rio Doce, ISO 14001, PDCA 
 
 
1 INTRODUCTION 
In 1962, Rachel Carson (an American biologist and researcher) published a book that made a 
huge impact at that time: "Silent Spring." In it, Carson denounced the environmental impact that the use 
of DDT (Dichloro-Diphenyl-Trichloroethane) had on the Miramichi River ecosystem in Canada. The 
use of DDT focused on fighting forest-destroying insects in Canada whose stems were the raw material 
of the paper industry. This insecticide, upon reaching the ground, was heading for the riverbed. So 
Carson describes the impact of DDT on the river ecosystem: 
 
Right after the spray was over, there were unmistakable signs that all was not 
well. Within two days, dead and dying fish, including many young salmon, were 
found on the banks of the rivers. [...] the birds were dying. All the life of the river 
has been extinguished. (CARSON, 1962, p.118). 
 
 
Carson's denunciation book gave title to this work, by analogy (Silent Spring of the Sweet River), 
because it occurred, just one spring, the environmental disaster caused by mining company Samarco in 
Mariana, Minas Gerais, which caused the largest known environmental disaster. in Brazil and practically 
'killed' life on the Doce River. 
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Figure 1: Environmental impact on the Rio Doce of iron waste by Samarco dam disruption 
Source: https://www.rodrigoenok.blog.br 
 
 
And continuing, Carson describes: 
 
The sprays that followed had completely altered the river's environment, and the 
aquatic insects that make up salmon and trout had died. It takes a long time, even 
after a single spray, for most of these insects to proliferate enough to support a 
normal salmon population - it's a matter of years, not months. (CARSON, 1962, 
p. 119). 
 
 
Note that this description has had a huge repercussion in public opinion, in academic circles and 
opened the debate on corporate social and corporate responsibility (SOUSA; VIVAN, 2014). It was from 
the publication of Salient Spring that the debate on the environmental issue began most intensely. 
However, in relation to the environmental disaster caused by the Mirachimi River, the environmental 
disaster caused by the disruption of Samarco's Fundão dam was far more serious than the environmental 
pollution of the Canadian River. 
What is most impactful is that Samarco is a subsidiary of Vale do Rio Doce, a company listed on 
the best corporate governance indices, such as the ISE (Corporate Sustainability Index) of the Sao Paulo 
Stock Exchange and DJSI (Dow Jones Sustainability Index) of the New York Stock Exchange. 
Therefore, Vale do Rio Doce is co-responsible for Samarco's activities, as it is processing iron extraction 
waste and turning it into a product called pellets, which is the raw material for steelmaking (SOUSA; 
ZUCCO, 2015). 
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Both Vale do Rio Doce and Samarco annual reports indicate among other policies adopted by 
these companies the environmental risk management. These companies were exposed to several types 
of risks: environmental; reputation; Image. All of these risks had a huge impact on these organizations, 
with greater impact on mining company Samarco. 
This work will be dealt with specifically by mining company Samarco, as it is responsible for 
the environmental disaster caused by the disruption of the waste reservoir of its iron extraction activities 
in Mariana, Minas Gerais. The problem that was intended to be answered in this paper is the lack of 
commitment of this organization to social and environmental responsibility; due to the lack of planning 
of the environmental system and the application of rigorous concepts of environmental auditing in 
activities that bring high risk to the environment. This study is justified because of the enormous damage 
that the lack of rigor in the environmental audit that its activities have brought to the ecosystem of the 
waterways surrounding this company; environmental impact on the ecosystem of rivers, flora and fauna; 
the vast expansion of the greenhouse effect and as a model of non-compliance of policies required by 
the Sustainability Tripod: social; economic and environmental (ELKINGTON, 2012). 
Therefore, the aim of this article is to cause debate for the social and environmental responsibility 
of ore sector companies that present high environmental risk and whose economic activities have low 
added value; that is, their negative externalities outweigh the positive externalities, or at most they are 
null. 
 
2 THEORETICAL FOUNDATION 
In this chapter concepts will be addressed to concept activities. Miners are responsible for the heaviest 
elements that are responsible for environmental pollution. Miners activities reach the soil, air and water. 
 
2.1 NATURAL RESOURCES 
2.1.1 Geology 
Earth has a set of finite resources that are renewable and nonrenewable, as shown in Figure 2. 
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Figure 2 - Classification of natural resources 
Source: adapted from BRAGA et al (2005, p.5) 
 
 
According to Figure 2, renewable resources are those that can return to the cycle of nature, such 
as water; while non-renewable resources are those that when used cannot return to the nature cycle 
process, such as fossil fuels (energy) and minerals (non-energy) (BRAGA et al., 2005). 
Earth follows Lavoisier's principle that in nature nothing is lost, everything is transformed. It is 
a closed system or ecosystem in which natural resources, when used, take on other forms of resources. 
(BRAGA et al, 2005; CALIJURI; CUNHA, 2013). These natural resources include minerals that are the 
primary source of mining. In other words, “Mineral is a chemical compound element of inorganic origin 
[...] that when an abnormal concentration of one or more economically important minerals occurs in a 
restricted area of the earth's crust and there is the possibility of its exploitation [...] ] ”(CALIJURI; 
CUNHA, 2013, p. 24). This abnormal concentration is abundant in Brazil as in the state of Minas Gerais 
and in the state of Pará. In the state of Minas Gerais was responsible for the Gold cycle. After many 
economic cycles through which Brazil's economy went, such as the sugarcane cycle; the cattle cycle; the 
coffee cycle in the twentieth century began to explore iron ore, abundant in the regions of minas gerais 
and later in the northern region (Carajás). 
 
2.1.2 Hydrography 
Aquifer resources were not a problem to be researched by classical economists, because the goal 
of economics is to study scarce resources, and water in the eighteenth century was abundant, so it was 
not important to ask why it had no economic value. (Smith, 1776). But with the Industrial Revolution, 
water use became intensive; however, as it was considered an infinite resource, economists continued to 
overlook the question of their economic value. However, in the twentieth century the issue of water came 
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to be seen as a strategic resource by countries, leading to the question of its importance for the entire life 
cycle on Earth. Therefore, “Water resource management must be integrated, predictive, adaptive. [...]. 
In this sense, the knowledge of the characteristics of the watersheds, the context of the use of water 
resources and the possible alternatives of land use and management are fundamental for water 
conservation. (CALIJURI; CUNHA, 2013, p.48). 
 
Water is available in various forms and is one of the most common substances in 
nature, covering about 70% of the planet's surface. It is mainly found in the liquid 
state, constituting a renewable natural resource through the hydrological cycle. 
All organisms need water to survive, and their availability is one of the most 
important factors shaping ecosystems (BRAGA et al, 2013, p. 73). 
 
 
It is noted that the Earth system consists of 70% water. However, it was not until the mid-
twentieth century that water became important for the survival of the species that inhabit it. The human 
species, by similarity, is also made up of 70% water. In addition to having strategic economic importance 
in the development of countries. In addition to these characteristics above, it is also critical to human 
supply; for industrial supply; for irrigation in agriculture; clean energy generation (hydroelectric); for 
the cheapness of transport (waterways); purification of the environment, eliminating waste produced by 
the anthropogenic action of the human being; and, fundamentally, for the preservation of terrestrial flora 
and fauna (BRAGA et al, 2013; CALIJURI; CUNHA, 2005; FANTINATTI et al, 2015). 
Note that, in principle, Brazil has a vast watershed (Figure 3). The most important is formed by 
the northern region and part of the central west region (Amazon basin). It will be concentrated in the 
eastern basin where major iron miners are located and there is a large concentration of urban populations; 
as well as an important source of population supply; waterways; and a rich biological ecosystem. 
Therefore, soil sealing in both cities and agricultural areas can cause: 
 
 
hydrological impact: increased runoff volume, increased flow peaks, increased 
flooding and decreases in river baseline flow; (b) physical impacts: [...] 
temperature increase, geometry changes, channel network changes, and the 
difficulty of quantifying and qualifying habitat; (c) biological impacts: in places 
where waterproofing areas exceed 10%, account should be taken of indices such 
as riparian forest, natural forest, plantations, acid rain, among others; (d) impacts 
on water quality: total suspended solids (TSS), total organic carbon, nutrients, 
bacteria, heavy metals, pesticides, hydrocarbons, greases and oils (FANTINATTI 
et al, 2015, p.81 ). 
 
 
 Brazilian Journals of Business 
 
Braz. J. of Bus., Curitiba, v. 2, n. 1, p. 242-260, jan./mar. 2020. ISSN 2596-1934 
 
248  
 
Figure 3: Brazil's watersheds. 
Source: https: //www.google.com/search? q = images of the hydrographic basin of brazil 
 
 
 this paper, which deals with the environmental disaster of mining company Samarco, only the items 
referring to biological impacts and impacts on water quality will be analyzed in the results discussion. 
The others are visible in the great Brazilian metropolises such as São Paulo, Rio de Janeiro and Belo 
Horizonte the impact on the regimes of the rivers that cross these cities, due to the human being advanced 
in the reserved areas of the rivers basins, causing great urban disasters. ; or, by dumping industrial waste 
into river streams. 
 
2.1.3 Atmospheric cycles 
Air is another element that has an essential function for life on earth. It is through the composition of 
various gases that make up the greenhouse effect that the life of all living beings has been made possible. 
It is through the gases that form a greenhouse that the Earth's temperature is around 35º. However, the 
improper use of these gases exacerbates the potential for warming that has become a problem for living 
beings (SOUSA et al, 2015). 
 
The air has the following composition: 
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Table 1: Air Composition      
 
Fonte: adaptada de BRAGA et al (2005, p.168) 
 
 
Note that the most important greenhouse gas is only present in the air composition in the order 
of 0.033%. The big problem after the Industrial Revolution was atmospheric air pollution. All pollutants 
are present in the mining process, but particulate metal pollution associated with mining, coal 
combustion and steel processes (BRAGA et al., 2005, p.171) is present in environmental degradation 
caused by mining. 
 
2.2 ENVIRONMENTAL RISKS 
Most economic activities are subject to environmental risks. Risk of uncertainty must be 
differentiated. Risks can be quantified by mathematical and statistical models, while uncertainty cannot 
be measured (GOMES; GARCIA, 2013; MARIOTTI, 2013). Therefore, “[...] it must be understood that 
risk is different from uncertainty. [...] Risk can be associated with events that have a certain probability 
of occurring and uncertainty refers to events that are unlikely to estimate the possibility of incidence” 
(GOMES; CUNHA, 2013, p.273). Depending on the level adopted, one can estimate the probability if 
one wants to incur risk or the probability of making a mistake. 
 
To mitigate the environmental risk of a company, ISO 14001 is adopted. Therefore, 
 
 
ISO 14001 - Environmental Management Systems - Requirements with guidelines for use 
- is an international standard within the ISO 14000 series of standards that specifies 
requirements for the implementation and operation of an Environmental Management 
System (EMS) in organizations. (FIESP, 2015, p.4). 
 
 
Therefore, ISO 14001 is intrinsically linked to the Environmental Management System. 
 
Gases %
Nitrogen 78,11
Oxygen 20,93
Argon 0,93
Carbon Dioxide 0,03
TOTAL 100
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An Environmental Management System (EMS) is a framework designed to help 
organizations, regardless of type or size, consistently plan actions, prevent and 
control significant environmental impacts, manage risks and continually improve 
environmental performance and productivity. . In addition to these aspects, an 
EMS allows the assessment and monitoring of compliance in relation to 
compliance with legal requirements. (FIESP, 2016, p.4). 
 
 
There are several methodologies for implementing an Environmental Management System. 
These methodologies include the PDCA (Plan; Do; Check; Action); plan; do; check as shown in Figure 
4. 
 
 
 
 
 
 
 
 
Figure 4: PDCA Cycle 
Source: adapted from FIESP, 2016, p.8 
 
 
Companies adopting the PDCA cycle are mitigating the risks of environmental disaster. 
However, some only act reactively; that is, it should be proactive first (DONAIRE, 2009). Therefore, as 
shown in Figure 4, PDCA cycles should be: (a) an action plan; (b) execute the plan; (c) monitor the 
indicators; (d) be proactive: feedback, standardize and train. Therefore, the purpose of the PDCA cycle 
is: (FIESP, 2016, p.9; CARDOSO et al, 2004, p.2). 
1. PLAN: 
• Find problems; 
• Establish action plans 
 
2. DO: 
• Plan execution; 
• Put plan into action 
3. CHECK: 
• Check goal achievements; 
• Track indicators 
4. ACTION: 
• Corrective Actions on Failure; 
• Standardize and train on success 
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• Pollution prevention: includes disposal or reduction, through design and efficient use of 
resources and materials, reuse, recycling, recovery. 
• Protection of biodiversity, habitats and ecosystems: through direct on-site conservation, offsets 
or indirectly through the purchasing process, such as the purchase of materials from sustainable 
sources. 
• Climate change mitigation: Avoid or reduce the organization's greenhouse gas emissions. 
p.2). 
 
 
This whole process must be accompanied by an environmental audit: 
 
The environmental audit is an instrument used by companies to help them control 
the compliance with policies, practices, procedures and / or requirements 
stipulated in order to prevent environmental degradation [...] is considered a basic 
tool for achieving greater control and safety of a company's environmental 
performance, as well as to prevent accidents. (LA ROVERE, 2007 como citado 
in ALBUQUERQUE, 2009, p.263). 
 
 
herefore, it is clear that the risk can be prevented by the use of appropriate tools, such as the PDCA cycle 
that manages the steps for the prevention of environmental risks through methodology, and the way to 
follow the adopted criteria is environmental audit and specific legislation (AGRA FILHO, 2014). 
However, the PDCA,  and SGA Environmental Audit must be associated with all areas of the 
organization, because the anticipated risk is associated with operational risk that will lead to reputational 
risk that could lead to the bankruptcy of the organization. 
 
Thus (ADISSI et al, 2013, p.92), 
 
1. Environment Area (environmental policy; social responsibility and economic results. 
1.1. Responsible acting 
1.1.1 Human Resources (Training) 
1.1.2 Procurement (implication of environmental extraction) 
1.1.3 Public Relations / Communication (internal communication; external communication; image 
enhancement) 
 Brazilian Journals of Business 
 
Braz. J. of Bus., Curitiba, v. 2, n. 1, p. 242-260, jan./mar. 2020. ISSN 2596-1934 
 
252  
1.1.4 Marketing (disposal without waste; hazardous distribution) 
1.1.5 Production (Environmental Audit Execution) 
1.1.6 Research and Development (environmental quality improvement) 
 
1.2 Other units 
1.2.1 Finance 
1.2.2 Planning. 
 
Therefore, in a mining company, all sectors must be focused so that the company becomes long-
lived, applying the three Pillars of Sustainability: Planet; People; Profit (ELKINGTON, 2012). 
 
3 METHODOLOGY 
The methodology has a central role in what concerns the researcher to expose the techniques 
used to develop a study of particular interest or collective interest. Many discoveries were made to satisfy 
particular curiosities such as Mendel did in 1865, in which he published the Law of Heredity which 
began with the curiosity of crossing peas in the monastery garden; or Newton's curiosity to answer the 
question: Why did bodies fall in 1687? Or Darwin's curiosity to observe the differences between bird 
populations in distinct archipelagos in the Galapagos Islands and published in 1859 the Theory of 
Evolution. These studies of the researchers' particular interests were of fundamental importance in the 
development of the sciences: Mendel, in medicine; Darwin, in Biology; Newton, in physics. 
Therefore it is important to distinguish method from techniques. Method “[...] is a set of standard 
norms that must be met [...]” (RUIZ, 1996, p.138). While techniques is “the set of procedures or 
processes of a science in the various stages of the method” (ORTEGA, 2010, p.9). Therefore, the joint 
use of the method and the technique used in the research seeks to “[...] communicate to the interested 
party the fundamentals of the efficient study method and the main techniques that are the result of various 
investigations” (SALMON, 2001, p. 33). ; that is, “[...] the objective of scientific research is to 
understand and explain natural phenomena” (KERLINGER, 1979, p. 318). 
hus, this study on the approach is qualitative because, “Qualitative research is concerned, 
therefore, with aspects of reality that cannot be quantified, focusing on understanding and explaining the 
dynamics of social relations” (SILVEIRA; CÓRDOVA, 2009, p. 32). This article is not based on 
quantitative data, but information that cannot, in principle, be quantified. And as for the objectives, it 
fits into exploratory research, since exploratory research, 
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This type of research aims to provide greater familiarity with the problem, with a 
view to making it more explicit or building hypotheses. The vast majority of this 
research involves: (a) bibliographic survey; [...]; (b) analysis of examples that 
stimulate understanding (GIL, 2007 as cited by SILVEIRA and CORDOVA, 
2009, p. 35). 
 
 
The above study aims to understand the causes that led to the environmental disaster through 
bibliographic references (maps, figures) and PDCA techniques (Plan, Do, Check, Action). And to 
conclude it, the procedures fit into bibliographical research, considering that 
 
The bibliographic research is made from the survey of theoretical references 
already analyzed, and published by written and electronic means, such as books, 
scientific articles, web site pages (emphasis added). Any scientific work begins 
with a bibliographic research, which allows the researcher to know what has been 
studied on the subject. However, there are scientific researches that are based 
solely on bibliographic research, looking for published theoretical references in 
order to gather information or previous knowledge about the problem about 
which the answer is sought (FONSECA, 2002, p. 32 as cited in SILVEIRA and 
CORDOVA, 2009, 37). 
 
 
3.1 PDCA CYCLE TECHNIQUE 
The PDCA cycle aims at quality control in the process of monitoring the execution of processes 
that involve risk (FONSECA et al.). The problem of the disruption of the iron waste dam will be seen 
from the perspective of the PDCA process and its follow-up with the help of the environmental audit. 
Therefore, the cycle will be analyzed in four component steps of the PDCA (SEBRAE, 2012): 
 
1. P (Plan): raise facts; collect data; elaborate process flow; elaborate cause and effect analysis; data 
analysis; goal setting. 
 
2. D (DO): Train, enable and involve people in performing their activities to be efficient and 
effective. 
 
3. C (Check): At this stage it is the role of the environmental audit to check on the spot whether the 
targets are being met or whether corrections are required. 
 
4.  A (Take action / corrective action: In this step the inconsistencies found when the environmental 
audit was performed should be corrected and a new PDCA cycle begins. 
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4 RESULTS ANALYSIS 
This chapter will analyze the events that caused the environmental disaster of Samarco's iron 
waste dam. This analysis will be made from the ground impact elements; donate; the Doce River 
watershed; and the impact on the ecosystem surrounding Samarco's activities. Figure 5 focuses on the 
environment hit by the Samarco dam rupture. 
The rio Doce has two major tributaries: Carmo (where the Samarco Dam is) and the Piranga 
River (born in the Serra da Mantiqueira, Minas Gerais State). Upon receiving the waters of the Carmo 
River, the Piranga River is renamed the Doce River, which forms the most important watershed in the 
Eastern region and runs through the state of Minas Gerais and Espírito Santo. It is noted (Fig. 5) that the 
impact of the Samarco dam disruption affected most of the river basin that forms the Doce River. This 
impact has social aspects, economic aspects and environmental aspects. 
Figure 5 depicts the history of the devastating effect of Samarco's iron waste dam disruption. It 
is noted that it affected the full extent of the environmental impact from the Carmo River following a 
Doce River (Piracicaba) branch. The main impacts that will persist for long years to recover the life of 
the fauna, flora and microbiological ecosystem of the Rio Doce. The atmospheric effect will be the 
change in rainfall regimes that may affect beyond the Doce River region other regions that depend on 
the rain regime from the river basin. The first issue is that mining activity affects the environment very 
strongly by the emission of greenhouse gases that increase the warming potential of the earth. 
 
 
 
Figure 5: Environmental impact on the rio Doce basin by the tailings of the fundão dam 
Source: Geological Survey of Brazil. 
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As for the effect on the soil, it was the one with the greatest impact, since it practically cemented 
the entire length of the Doce River. This waste has wiped out the entire micro and macro ecosystem of 
the river. At the micro level, it has killed all possibility of life of elements that are part of the food chain 
diet. At the macro level it affected the life of fauna and flora, with death of birds and fish. See Figure 4 
for situations before and after the tailings leak in the Rio Doce. 
 
 
 
Figure 4: Samarco dam tailings leakage effect on the rio Doce. 
Source: Aquafluxus - Environmental Consulting on Water Resources. 
 
 
Populations have been affected with respect to drinking water supplies; fishermen regarding the 
economic impact; other economic activities that depend on the use of water from the rio Doce. 
 
5 DISCUSSION OF RESULTS 
It is evident that mining company Samarco did not use the environmental risk management tools. 
In the area of environmental risk management, the widely used tool is the PDCA. If it had a risk 
management model in conjunction with environmental auditing, this environmental disaster would have 
been prevented. There is no point in discussing the responsibility of state agents in overseeing 
compliance with environmental standards. The company must first of all have Corporate Social 
Responsibility and adopt the premises of the Sustainability Tripod proposed by Elkington (2012) and 
followed at risk by companies with social, environmental and economic responsibility. 
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Social responsibility because it affected millions of people who live by the river; besides affecting 
its own employees, considering that one of the effects of this non-action was the dismissal of many 
employees. Environmental responsibility because this event has drastically affected the flora, fauna and 
micro and macro ecosystem of this watershed. Economic responsibility because there has been a 
standstill of its manufacturing activities that are the source of economic result. 
Had a contingency plan under permanent environmental audit this event would have been 
avoided. Therefore, Samarco to lift itself must restructure its personnel sector to adequately train its 
employees for events that can be predicted and avoided, including events beyond risk forecasting 
methods, such as the use of inferential statistics. In the production area present a control through constant 
environmental audit; have an innovation sector in order to develop new forms of iron ore extraction and 
'stockpiling' of these tailings in order to efficiently minimize environmental risks. 
Therefore, it was found that the company was not prepared to face risk events that affect the 
entire environmental system of populations that live and depend on the Doce River watershed. The 
appropriate tool for mining companies would be the PDCA. If Samarco had this method, it would 
certainly have, through environmental auditing, detected events that could be prevented. 
 
6 FINAL CONSIDERATIONS. 
The results presented suggest that the company Samarco did not act correctly in the prevention 
of the risk of environmental disaster; risk of climate change prevention; biodiversity prevention risk by 
using appropriate methodology such as PDCA and with preventive environmental audit feedback to 
avoid the risk of environmental disaster that has occurred. 
The company is a subsidiary of a company participating in the highest degree of sustainable 
governance recommended by Elkington (2012) in the Sustainability Tripod. Non-use of ISO 14001 
which requires strict environmental auditing to mitigate possible risks. The method widely used in the 
area of production engineering to prevent these risks is the PDCA methodology (predict; make; check; 
make corrections actions). 
The death of fish and poultry on the Mirachimi River in Canada, described by Carson (1962), 
which had a violent impact on the indiscriminate use of DDT to benefit the pulp industry can be 
considered, if an environmental disaster could be minimized whatever its environmental impact, the 
disruption of Samarco's mining tailings dam was considered to be similar to grade 7 seismic quake. 
The environmental disaster in the Doce River ecosystem is unprecedented in the history of these 
disasters in Brazil and around the world, except for the atomic bomb dropped on Hiroshima and 
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Nagasaki, Japan, in World War II, whose effects lasted for decades. At that time, the environmental issue 
was not yet on the agenda, but this achievement affected all environments of life on Earth. 
 
 
 
Figure 5: Impact of Samarco disaster on the life of the rio Doce. 
Source: https://www.google.com/search?q=images+of+fish+dies+in+rio+disease 
 
 
Mining activity in Brazil is part of Brazil's export cycles, ie commodity activities that do not 
generate value-added goods; instead, it is a low value-added activity and that from the additional point 
of view of wealth in relation to environmental impacts is null (SOUSA; ZUCCO, 2015). 
This activity affects the entire environmental system where it is practiced. Mining areas become 
deserts that affect fauna and flora, as well as greenhouse gases. It would be necessary for companies to 
develop innovations and research so that their mining activities would have less impact on the mining 
waste population. There is also a need for ethical issues in dealing with the negative externalities of these 
activities in populations along the production chain of these mining activities, whether in the soil or in 
the air; that is, in the watershed in order not to affect the balance of the ecosystem. 
For future work, it is suggested to analyze the economic impact of the environmental disaster on 
Samarco's business. 
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